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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a fuel cell com- 
prising a solid polymer electrolyte for use in portable 
power sources, power sources for electric vehicles, do* 
mestic cogeneration systems and the like, and particu- 
larly relates to an electrically conductive separator plate 
thereof. 

[0002] A fuel cell comprising a solid polymer electro- 
lyte electrochemically reacts a fuel gas containing hy- 
drogen with an oxidant gas containing oxygen, such as 
air, to simultaneously generate electric power and heat. 
This fuel cell basically comprises a polymer electrolyte 
membrane for selectively transporting hydrogen ions, 
and a pair of electrodes sandwiching the polymer elec- 
trolyte membrane therebetween. The electrode com- 
prises a catalyst layer mainly composed of a carbon 
powder carrying a platinum group metal catalyst and a 
diffusion layer formed on the outer surface of the cata- 
lyst layer and having both gas permeability and elec- 
tronic conductivity. 

[0003] In order to prevent the gas to be supplied to 
the electrode from leaking out or prevent the two kinds 
of gases from being mixed with each other, gas sealing 
members or gaskets are arranged on the periphery of 
the electrodes, with the polymer electrolyte membrane 
sandwiched therebetween. The sealing members or 
gaskets are, beforehand, integrally assembled with the 
electrodes and the polymer electrolyte membrane, and 
this is called ME A (electrolyte membrane-electrode as- 
sembly). Conductive separator plates are arranged on 
the outer sides of the MEAfor mechanically fixing it and 
for electrically connecting adjacent MEAs with each oth- 
er in series. In the position of each separator plate, 
which will be in contact with the MEA, a gas flow channel 
is formed for supplying a reactive gas to the electrode 
and for carrying away a generated gas and an excessive 
gas. Although the gas flow channel may be provided 
separately from the separator plate, a general manner 
is to provide grooves in the surface of the separator plate 
to serve as the gas flow channel. 
[0004] For the purpose of supplying each gas to the 
grooves constituting the gas flow channel, through holes 
are provided in each of the separator plates where the 
gas flow channel is formed, for forming a gas commu- 
nicating channel that communicates throughout the cell 
stack. This hole is referred to as a manifold aperture. 
Connection of the inlet and the outlet of the gas flow 
channel with the manifold aperture allows direct supply 
of each gas from the manifold aperture into the gas flow 
channel. 

[0005] Since the fuel cell generates heat during oper- 
ation, it needs cooling with cooling water or the like to 
be kept under favorable temperature conditions. Nor- 
mally, a cooling section for flowing cooling water for eve- 
ry 1 to 3 cells is provided between the separator plates. 



It is often the case that a cooling water flow channel is 
provided on the rear surface of the separator plate to 
serve as the cooling section. A commonly-used cell 
stack is constituted by alternately stacking these MEAs, 

5 separator plates, and cooling sections to assemble a 
stack of 1 0 to 200 cells, sandwiching the stack with end 
plates via current collector plates and insulating plates, 
and then fixing it from the both ends with cramping bolts. 
[0006] In such a solid polymer type fuel cell, the sep- 

10 arator plate is required to have high conductivity and 
gas-tightness, and further have high corrosion resist- 
ance against an oxidation/reduction reaction of hydro- 
gen/oxygen. For this reason, a conventional separator 
plate has usually been constituted by a carbon material, 

15 such as grassy carbon, and gas flow channels therein 
have been formed by cutting or grinding. 
[0007] In recent years, however, there has been an 
attempt to produce a separator plate obtainable by 
molding process using a composite material of expand- 

20 ed graphite or graphite and a resin, or the like, in place 
of the conventionally-used carbon materials. 
[0008] In the conventional method by cutting of a car- 
bon plate, it has been difficult to reduce material cost for 
the carbon plate as well as cost for cutting the same. In 

25 the method using the above-mentioned composite ma- 
terial of expanded graphite or graphite and a resin, the 
following problem also lies. That is, in the molding by 
means of a mold, a raw material for the separator plate, 
as pressurized, gets into a gap between an upper mold 

30 and a lower mold, where the raw material is cooled and 
solidified. This forms an overflow part. Also in the meth- 
od of processing the manifold aperture with the use of 
a processing machine, such as a mold or a drill, after 
the molding process, searing force between the 

35 processing machine and the material may form sag. 
This overflow part or sag part is usually termed burrs. 
[0009] With the burrs formed in the part connecting 
the manifold aperture with the gas flow channel, the 
cross sectional area of the gas flow channel is narrowed 

40 by the burrs, and thereby the gas supply to the gas flow 
channel is prevented to cause deterioration in cell per- 
formance. Further, the burrs formed on the outlet side 
of the gas flow channel prevents water droplets, formed 
in the gas flow channel by condensation of water gen- 

45 erated due to an electrode reaction, from being dis- 
charged out of the gas flow channel, and thereby clog- 
ging of the gas flow channel is induced to cause deteri- 
oration in cell performance. 

[0010] For prevention of the above-mentioned deteri- 
50 oration in cell performance caused by the burrs, there 
is required a burr removal operation by cutting or grind- 
ing. However, the cost for this burr removal operation 
will be high because of the complex shape of the part 
connecting the manifold aperture with the gas flowing 
55 channel. 

[0011] In view of what was described above, an object 
of the present invention is to provide a separator plate 
where a gas flows between a gas flow channel and a 
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manifold aperture without obstruction even when burrs 
are formed on the periphery of the manifold aperture. 
[0012] Another object of the present invention is to 
provide a separator plate where burrs on the periphery 
of the manifold aperture can be mechanically removed 
with ease. 

[0013] The present invention provides a polymer elec- 
trolyte fuel cell comprising such a separator plate. 

BRIEF SUMMARY OF THE INVENTION 

[0014] A polymer electrolyte fuel cell of the present 
invention comprises: a plurality of membrane-electrode 
assemblies which comprise a polymer electrolyte mem- 
brane, and an anode and a cathode, sandwiching the 
polymer electrolyte membrane therebetween; a plurality 
of conductive separator plates stacked alternately with 
the membrane-electrode assemblies, the conductive 
separator plate having an anode-facing surface on one 
side and a cathode-facing surface on the other side; and 
a gas supply and discharge means for supplying and 

Hierharninn a fi ioI nae ir\ anrl frr\m the* anuria anrl fnr 
—«-*»■•— jj" »j> — ■ — w ' J»«— — — — ■ — 

supplying and discharging an oxidant gas to and from 
the cathode, wherein the gas supply and discharge 
means includes: a pair of fuel gas manifold apertures 
and a pair of oxidant gas manifold apertures, which are 
provided in the membrane-electrode assemblies and 
the conductive separator plates in common; a fuel gas 
flow channel comprising grooves provided so as to con- 
nect one of the fuel gas manifold apertures with the other 
of the fuel gas manifold apertures in the anode-facing 
surface of the conductive separator plate; and an oxi- 
dant gas flow channel comprising grooves provided so 
as to connect one of the oxidant gas manifold apertures 
with the other of the oxidant gas manifold apertures in 
the cathode-facing surface of the conductive.separator 
plate, and a step as deep as or deeper than the gas flow 
channel is provided on the gas-flow-channel-side pe- 
riphery of each of the manifold apertures in the conduc- 
tive separator plate. 

[0015] It is preferable that the step of the separator 
plate has a taper so as to be deep on the manifold ap- 
erture side. 

[0016] It is preferable that burrs on the gas-flow-chan- 
nel-side periphery of the manifold aperture in the con- 
ductive separator plate has been removed. 
[0017] The present invention provides a method for 
producing a separator plate for a fuel cell comprising: a 
first step for molding a mixture which contains a graphite 
powder and a binder to form a plate; and a second step 
for forming manifold apertures in the plate by machining, 
wherein the first step is performed such that a gas flow 
channel comprising grooves, as well as a concave part 
extended from the position where the manifold aperture 
will be formed to the end of the gas flow channel, are 
formed in the plate. 

[0018] According to the present invention, the gas 
flow channel is not narrowed by burrs formed on the pe- 



riphery of the manifold aperture so that influences of the 
burrs on the flows of a fuel gas and an oxidant gas can 
be suppressed. Further, the formed burrs can be readily 
removed. It is therefore possible to reduce cost for 

5 processing the separator plate. 

[0019] While the novel features of the invention are 
set forth particularly in the appended claims, the inven- 
tion, both as to organization and content, will be better 
understood and appreciated, along with other objects 

10 and features thereof, from the following detailed de- 
scription taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

15 

[0020] 

FIG. 1 is a front view of the cathode side of a sep- 
arator plate in one example of the present invention. 
20 FIG. 2 is an expanded sectional view, taken along 
the line ll-ll of FIG. 1. 

F!G. 3 is an expanded sectional view, taken along 
the line Ill-Ill of FIG. 1. 

FIG. 4 is an oblique view of the vicinity of an inlet- 
25 side oxidant gas manifold aperture in the above- 
mentioned separator plate, 

FIG. 5 is an expanded sectional view of the above- 
mentioned separator plate before the manifold ap- 
erture is punched out, taken along the line ll-li of 
30 FIG. 1. 

FIG. 6 is a sectional view showing production steps 
of a separator plate in another example of the 
present invention. 

FIG. 7 is a sectional view showing production steps 
35 of a separator plate in still another example of the 
present invention. 

FIG. 8 is a sectional view showing production steps 
of a separator plate in still another example of the 
present invention. 
40 FIG. 9 is a sectional view showing production steps 
of a separator plate in still another example of the 
present invention. 

FIG. 10 is a sectional view showing production 
steps of a separator plate in still another example 
45 of the present invention. 

FIG. 11 is a rear view of the separator plate of FIG. 
1. 

FIG. 12 is an expanded sectional view of a fuel cell 
stack, taken along the line XII-XII of FIG. 1 

so FIG. 1 3 is an expanded sectional view of a conven- 
tional separator plate, taken along a line corre- 
sponding to the line ll-ll of FIG 1 . 
FIG. 14 is an expanded sectional view of the con- 
ventional separator plate, taken along a line corre- 

55 sponding to the line Ill-Mi of FIG 1 . 
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DETAILED DESCRIPTION OF THE INVENTION 

[0021] In the following, embodiments of the present 
invention are described with reference to drawings. The 
structural drawings used here are intended to facilitate 5 
understanding of the present invention, and hence a rel- 
ative size and positional relationship of each component 
are not necessarily accurate. 

EMBODIMENT 1 10 

[0022] FIG. 1 is a front view of the cathode side of a 
separator plate of the present embodiment. FIG. 2 is an 
expanded sectional view, taken along the line I Ml of FIG. 
1 , and FIG. 3 is an expanded sectional view, taken along is 
the line Ill-Ill of FIG. 1 . FIG. 4 is an oblique view of the 
vicinity of an inlet-side manifold aperture in the separa- 
tor plate. 

[0023] This separator plate 1 0 is formed by molding 
a kneaded mixture of an artificial graphite powder, fi- 20 
brous graphite and a thermosetting phenol resin, using 
a mold, and comprises a pair of oxidant gas manifold 
apertures 11a and 11b, a pair of fuel gas manifold aper- 
tures 12a and 12b, and a pair of cooling water manifold 
apertures 13a and 13b. The separator plate 10 further 25 
comprises, on the cathode side, an oxidant gas flow 
channel 14 for connecting the manifold aperture 11a 
with the manifold aperture 1 1 b. As the gas flow channel 

1 4 is formed by grooves in parallel with each other, ribs 

1 5 are formed between those parallel grooves. The sep- 30 
arator plate 10 comprises, on the rear surface thereof, 

a gas flow channel for connecting the fuel gas manifold 
aperture 1 2a with the fuel gas manifold aperture 1 2b, or 
a cooling water flow channel for connecting the cooling 
water manifold aperture 1 3a with the cooling water man- 35 
ifold aperture 13b. 

[0024] The separator plate 1 0 of the present embod- 
iment differs from that of the conventional example in 
that a step as deep as or a little deeper than the gas flow 
channel or the cooling water flow channel is provided 40 
on the periphery of each of the manifold apertures. Al- 
though the manifold aperture 11a is described below, 
the other manifold apertures have the same structures 
as the manifold aperture 11a. 

[0025] A step 16 is formed on the cathode-side pe- *s 
riphery of the manifold aperture 1 1 a. This step is made 
as deep as or a little deeper than the inlet side of the 
gas flow channel 14. Burrs 17 are formed on the cath- 
ode-side periphery of the manifold aperture 11a. The 
burrs are shown only on the cathode-side periphery of 50 
the manifold aperture 11a in the drawings; burrs formed 
in the other parts are omitted. 

[0026] As thus described, in the separator plate of the 
present embodiment, the step 1 6 is formed between the 
oxidant gas manifold aperture 11a and the oxidant gas 55 
flow channel 1 4 so that the periphery of the aperture 11a 
is in a position one step lower. On this account, the ox- 
idant gas can be supplied to the gas flow channel 14 
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with almost no obstruction even when burrs are formed 
on the periphery of the aperture 11a. By formation of a 
step similar to the step 1 6 on the periphery of the man- 
ifold aperture 11b, the gas as well as generated water 
can be discharged from the gas flow channel 14 to the 
manifold aperture 11b with almost no obstruction. 
[0027] Further, with the formation of the step 16, the 
manifold aperture 11a communicates with the gas flow 
channel 14 through the step. Since there is no equiva- 
lent to rib 15 on the step 16,burrs 17 can readily be re- 
moved by grinding with the use of an automatic ma- 
chine. 

[0028] The above-mentioned advantages are obvi- 
ous from comparisons between FIGS. 2 and 3, and 
FIGS. 13 and 14 showing a conventional example cor- 
responding to FIGS. 2 and 3, respectively. In a separator 
plate 50 of the conventional example, an oxidant gas 
manifold aperture 51 directly communicates with an ox- 
idant gas flow channel 54. The end of each of ribs 55 
formed between the grooves of the gas flow channel is 
thus on the edge of the aperture 51 , leading to formation 
of burrs 56 continuing to the end faces of the ribs 55 on 
the periphery of the aperture 51 . As apparent from FIG. 
1 4, the burrs 56 obstruct the supply of the gas from the 
aperture 51 to the gas flowchannel 54 and the discharge 
of the gas and the generated water from the gas flow 
channel 54 side to the aperture 51 side. 
[0029] According to the present invention, such ob- 
struction can be eliminated. The present invention is 
particularly effective when a plurality of grooves that are 
mutually in parallel constitute a gas flow channel. 
[0030] FIG. 5 shows an expanded sectional view of 
the separator plate of the present embodiment after 
molding, taken along a line corresponding to the line ll-ll 
of FIG. 1 . 

[0031] As shown in FIG. 5, the separator plate of the 
present embodiment is produced by press molding so 
as to comprise a concave part 11 slightly larger than a 
manifold aperture in a part where the manifold aperture 
is intended to be formed. The manifold aperture will be 
formed in the part indicated with the dotted lines in FIG. 
5. 

[0032] Herein, when the width of the step 1 6, namely 
a distance T between the end face of the rib 1 5 and the 
manifold aperture 11 a is 0.01 mm or longer, the distance 
T can sufficiently exert the effect of eliminating the in- 
fluence of the formed burrs. The distance "t" is prefera- 
bly 0.1 mm or longer. Moreover, from the viewpoint of 
miniaturization of a fuel cell stack, the distance V is de- 
sirably 2 mm or shorter. 

EMBODIEMTN 2 

[0033] FIG . 6 shows an expanded sectional view, tak- 
en along a line corresponding to the line ll-ll of FIG. 1 , 
for indicating production steps of a separator plate of the 
present embodiment. FIG. 6(a) shows the separator 
plate after molding and FIG. 6(b) shows the separator 
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plate after a manifold aperture has been punched out. 
[0034] The separator plate of the present embodi- 
ment is produced by press molding so as to comprise a 
concave part 20 slightly larger than a manifold aperture 
in a part where the manifold aperture is intended to be 
formed, as shown in FIG. 6(a), and then punching out a 
hole by means of a mold to form a manifold aperture, as 
shown in FIG. 6(b). In the molding, grooves 24 and 25, 
V-shaped at cross section, are formed together with the 
concave part 20 in the position where the manifold ap- 
erture is punched out. By punching out a hole in this po- 
sition by means of a mold, a manifold aperture 21a is 
formed. Burrs 27 and 29 formed in punching out the ap- 
erture are also shown in FIG. 6(b). 
[0035] In the present embodiment, circulations of the 
gases and the generated water are easier because a 
taper for lowering the edge side of the aperture 21a is 
provided on the step 26 which connects the aperture 
21a with the gas flow channel 14. 
[0036] In the present embodiment, since the molded 
separator plate comprises the grooves 25 in the part 
where the manifold aperture 21a is intended to be 
formed by punching out by means of a mold, a more 
excellent processing property can be obtained than that 
in EMBODIMENT 1. 

EMBODIMENT 3 

[0037] FIG. 7 shows an expanded sectional view, tak- 
en along a line corresponding to the line ll-ll of FIG. 1 , 
for indicating production steps of a separator plate of the 
present embodiment. FIG. 7(a) shows the separator 
plate after molding and FIG. 7(b) shows the separator 
plate after a manifold aperture has been punched out. 
[0038] The separator plate of the present embodi- 
ment is produced by press molding so as to comprise 
concave parts 30 and 32, which are slightly larger than 
a manifold aperture, respectively on both surfaces of a 
part where the manifold aperture is intended to be 
formed, as shown in FIG. 7(a), and then punching out a 
hole by means of a mold to form a manifold aperture 
31a, as shown in FIG. 7(b). Burrs 37 and 39 formed in 
punching out the aperture are also shown in FIG. 7(b). 

EMBODIMENT 4 

[0039] FIG. 8 shows an expanded sectional view, tak- 
en along a line corresponding to the line ll-ll of FIG. 1, 
for indicating production steps of a separator plate of the 
present embodiment. FIG. 8(a) shows the separator 
plate after molding and FIG. 8(b) shows the separator 
plate after a manifold aperture has been punched out. 
[0040] The separator plate of the present embodi- 
ment is produced by press molding so as to comprise 
concave parts 40 and 42, which are slightly larger than 
a manifold aperture, respectively on both surfaces of a 
part where the manifold aperture is intended to be 
formed, as shown in FIG. 8(a), and then punching out a 



hole by means of a mold to form a manifold aperture 
41 a, as shown in FIG. 8(b). Since a taper is provided on 
the side wall of each of the concave parts 40 and 42 so 
as to make each of the opening sides of the aperture 

5 41a wider, steps 46 and 48 provided with the tapers are 
formed, respectively, on the peripheries of the aperture 
41a on both surfaces of the separator plate. Burrs 47 
and 49 formed in punching out the aperture 41 a are also 
shown in FIG. 8(b). 

w [0041] FIG. 9 shows an expanded sectional view, tak- 
en along a line corresponding to the line ll-ll of FIG. 1 , 
for indicating production steps of the separator plate in 
another example of the present embodiment. FIG. 9(a) 
shows the separator plate after molding and FIG. 9(b) 

*5 shows the separator plate after the manifold aperture 
has been punched out. In the example shown in FIG. 9, 
press molding is performed so as to comprise the con- 
cave part 40 slightly larger than the manifold aperture 
on one side, namely on the cathode side, of the part 

20 where the manifold aperture is intended to be formed, 
and then a hole is punched out by means of a mold to 
form the manifold aperture 41a. 

[0042] In the present embodiment, the step 46 provid- 
ed with the taper is deeper than the gas flow channel 

25 1 4. This can make the influence of the formed burrs 47 
on the gas flow channel 14 smaller compared with EM- 
BODIMENT 1. Moreover, the provision of the tapers on 
the steps 46 and 48 allows the molded body to have an 
improved releasing property from the mold. Further, 

30 making the thickness of the part where the manifold ap- 
erture is formed thinner enables facilitation of the punch- 
in g-out process. 

[0043] Although the inlet-side oxidant gas manifold 
aperture was described in the above embodiments, the 

35 same can be applied to the outlet-side oxidant gas man- 
ifold aperture. Further, although the steps 16, 26, 36, 46 
and the like were each provided on the whole periphery 
of each of the manifold apertures, a step may be pro- 
vided only in a part communicating with a gas flow chan- 

40 nel. FIG. 1 0 shows an expanded sectional view of a sep- 
arator plate produced in such a manner, taken along a 
line corresponding to the line ll-ll of FIG. 1 . 
[0044] Moreover, the same structure as the structure 
adopted in the above-mentioned oxidant gas manifold 

45 aperture can be applied to .the fuel gas manifold aper- 
ture In terms of the part communicating with the fuel gas 
flow channel formed on the anode side of the separator 
plate, or to the cooling water manifold aperture in the 
part communicating with the cooling water flow channel. 

50 it is to be noted that, in FIG. 1 , although the same steps 
as those in the parts of the oxidant gas manifold aper- 
tures are provided in the parts of the fuel gas manifold 
apertures and the cooling water manifold apertures, 
these parts do not necessarily require the steps. 

55 

EMBODIMENT 5 

[0045] In the present embodiment described is a man- 
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ifolcl of a fuel cell stack constituted by stacking mem- 
brane-electrode assemblies (MEAs) and separator 
plates comprising the manifold apertures as thus de- 
scribed. 

[0046] Herein shown is an example of using a single 5 
separator plate which is produced by making the sepa- 
rator plate 1 0, comprising an oxidant gas flow channel 
on one surface thereof as shown in FIG. 1 , comprise a 
fuel gas flow channel on the rear surface thereof, and 
thus serves as a cathode-side separator plate as well u 
as an anode-side separator plate. 
[0047] FIG. 1 1 is a front view of the anode-side of the 
separator plate 10. The separator plate 10 comprises, 
on the anode side, a fuel gas flow channel 4 so as to 
connect the manifold aperture 1 2a with the manifold ap- 15 
erture 12b. Numeral 5 shows ribs for partitioning the flow 
channel 4. A step 6 as deep as the gas flow channel 4 
is provided on the periphery of the opening of each of 
the manifold apertures 12a and 12b. 

[0048] FIG. 1 2 is a sectional view showing a part of a 20 
fuel cell stack formed by alternately stacking the sepa- 
rator plates 1 0 and MEAs, taken along the line XII-XII of 
FIG. 1 . Numeral 1 shows an MEA comprising a polymer 
electrolyte membrane, an anode and a cathode sand- 
wiching the polymer electrolyte membrane, and gaskets 25 
sandwiching the polymer electrolyte membrane on the 
periphery of each of the anode and the cathode. In the 
fuel cell stack, an oxidant gas manifold is constituted by 
the manifold apertures 11a in the separator plates 10 
and the manifold apertures in the MEAs. Further, the 30 
manifold aperture 11a has large-diameter parts and 
small-diameter parts since ft comprises the steps 1 6 and 
8 on the cathode side and the anode side, respectively. 
Hence the manifold, through which the oxidant gas flows 
straight, as indicated by the arrow A1 , is constituted by 35 
the small-diameter parts D1 and the large-diameter 
parts D2. The arrow A2 indicates the oxidant gas 
branching from the flow indicated by the arrow A1 and 
flowing into the gas flow channel 1 4 in each cell, and the 
arrow A3 indicates the flow of an exhaust gas including 40 
a product of the cathode and an excess gas. 
[0049] In the conventional fuel cell, a manifold, 
through which the oxidant gas indicated by the arrow A1 
flows, has been constituted by manifold apertures hav- 
ing uniform diameters. 45 
[0050] There are two types of flows of the oxidant gas 
which flows from the inlet of the fuel cell stack into the 
manifold: the one is a straight flow indicated by the arrow 
A1 and the other is a flow vertical to the flow indicated 
by the arrow A1 , which branches into the gas flow chan- so 
nels 14 provided in the separator plates 10. When the 
gas flows at a uniform rate throughout the manifold, a 
uniform amount of the gas is supplied to each MEA; in 
practice, however, the gas amount decreases by the 
amount of the gas flowing into each of the gas flow chan- 55 
nels 14 as the gas flows along the manifold, increasingly 
lowering the gas flow rate. This causes the flow rate on 
the reaction gas inlet side to be faster and the reaction 



gas outlet side to be slower when the manifold apertures 
have uniform equivalent diameters, as has been in the 
case of the conventional manifold. Such changes in flow 
rate lead to occurrence of variation in amount of the ox- 
idant gas flowing into the gas flow channel 14 in each 
cell. 

[0051] On the other hand, as in FIG. 12, provision of 
large diameter parts D2 and small diameter parts D1 
within the manifold allows drastic lowering of the flow 
rate of the oxidant gas at each of the large diameter 
parts, thereby narrowing the variation in flow rate at the 
plural large diameter parts present within the manifold. 
With provision of a port for communicating with the gas 
flow channel 14 at each of the large diameter parts 12, 
the variation in amount of the gas flowing into the gas 
flow channel 14 can be reduced. It is therefore possible 
to provide a stably operatable fuel cell stack. 
[0052] As thus described, the pressure-loss distribu- 
tion of the reaction gas flowing in the vicinity of the plural 
gas flow channels within the manifold can be decreased 
by adjusting the difference in equivalent diameter be- 
tween the large diameter part D2 and the small diameter 
part D1 to the extent that the flow rate of the reaction 
gas can practically be lowered at the large diameter 
parts D2. 

[0053] Examples of the present invention are de- 
scribed below. 

EXAMPLE 1 

[0054] First, a preparation method of an electrode 
comprising a catalyst layer is described. An acetylene 
black powder was allowed to carry 25 wt% of platinum 
particles having a mean particle size of about 30 A, to 
give a catalyst of an electrode. The resultant catalyst 
powder was dispersed in isopropanol, which was then 
mixed with an ethyl alcohol dispersion of a pert luorocar- 
bon sulfonic acid powder, to give a catalyst paste. 
[0055] On the other hand, carbon non-woven fabric 
having outer dimensions of 16 cm x 20 cm and a thick- 
ness of 360 u.m (TGP-H-120, manufactured by Toray In- 
dustries, Inc.) was impregnated with an aqueous disper- 
sion of a fluorocarbon resin (NEOFLON ND1 , manufac- 
tured by DAIKIN INDUSTRIES, LTD.), and then dried 
and heated at 400°C for 30 minutes to be imparted with 
water repellency. The above-mentioned catalyst paste 
was applied onto one surface of the obtained carbon 
non-woven fabric by a screen-printing method to form a 
catalyst layer. At this time, a part of the catalyst layer 
was embedded in the carbon non-woven fabric. The car- 
bon non-woven fabric with the catalyst layer formed 
thereon as thus produced was used as an electrode. 
The electrode contained platinum in an amount of 0.5 
mg/cm 2 and perfluorocarbon sulfonic acid in an amount 
of 1 .2 mg/cm 2 . 

[0056] Subsequently, a pair of electrodes were bond- 
ed by hot pressing onto each of the front and rear sur- 
faces of a proton conductive.polymer electrolyte mem- 
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brane having outer dimensions of 20 cm x 32 cm in such 
a manner that each of the catalyst layers was brought 
into contact with the electrolyte membrane, to give an 
electrolyte membrane-electrode assembly (MEA). The 
proton conductive polymer electrolyte membrane used 
here was a 50 ujn thick thin film of perfiuorocarbon sul- 
fonic acid. 

[0057] Next, a description is given to a conductive 
separator plate. 

[0058] First, a mixture of 50 parts by weight of an ar- 
tificial graphite powder (High purity graphite ACB, man- 
ufactured by Nippon Graphite Industries, Ltd) having a 
mean particle size of about 10 u.m, 30 parts by weight 
of fibrous graphite (Ketjen Black EC600JD, manufac- 
tured by LION CORPORATION) having a mean diame- 
ter of 50 ujti and a mean length of 0.5 mm, and 20 parts 
by weight of a thermosetting phenol resin (Sumilite Res- 
in PR-51 1 07, manufactured by Sumitomo Bakelrte Com- 
pany, Limited.) was kneaded with the use of an extrusion 
kneading machine, and the resultant kneaded powder 
was put into a mold for molding grooves for gas flow 
channels, grooves for a cooling water flow channel; and 
aimed manifold apertures, followed by hot pressing. The 
conditions for hot pressing were a mold temperature of 
50°C, pressure of 100 kg/cm 2 , and the time of 10 min- 
utes. The obtained conductive separator plate had outer 
dimensions of 20 cm x 32 cm, a thickness of 1.3 mm, 
with each of the gas flow channels and the cooling water 
flow channel therein having a depth of 0.5 mm. The mold 
used here was made of an alloy tool for a hot mold 
(SKD8), and processed on conditions that the flow chan- 
nel had a groove width of 1 .5 mm ± 5 ujti, a groove depth 
of 0.5 mm + 5 ujn and a pitch of 3 mm ± 5 ujti, and the 
separator plate had a thickness of 1 .3 mm, a flatness of 
1 0 u.m. and a surface polish rate of 0.8 S (maximum sur- 
face roughness). 

[0059] After this manner, a separator plate having 
such a structure as shown in FIG. 1 was produced. 
Herein, the burrs shown by numeral 17 in FIGS. 2 and 
3 were 0.01 to 0.20 mm high. The step 16 formed on the 
periphery of the manifold aperture had a width of 1 .0 
mm. Such a separator plate is referred to as a separator 
plate 1 A. Burrs formed on the periphery of the manifold 
aperture in the separator plate 1 A were removed using 
a grinder. The height of the burrs were thereby made 
0.01 mm or lower. This separator plate is referred to as 
a separator plate 1 B. 

[0060] As a comparative example, a separator plate 
was produced using the same material and under the 
same pressing conditions, by means of a mold which 
makes an obtained separator plate comprise a gas flow 
channel in the same shape as the above and a manifold 
aperture whose cross section was shaped as in FIG. 1 3. 
As shown by numeral 56 in FIG. 14, burrs formed on the 
periphery of the manifold aperture 51 were 0.01 to 0.10 
mm high. This is referred to as COMPARATIVE EXAM- 
PLE A. Further, burrs formed on the periphery of the 
manifold aperture in the separator plate produced in the 



above-mentioned manner were ground. Since the burrs 
could not be ground with the use of an automatic ma- 
chine due to the complex shape of the part where the 
burrs were formed, the grinding was performed by hand 
5 with the use of a file. This process made the heights of 
the burrs 0.01 mm or lower. This is referred to as COM- 
PARATIVE EXAMPLE B. 

[0061] Next, cooling water manifold apertures, fuel 
gas manifold apertures and oxidant gas manifold aper- 

10 ture were formed in the hydrogen-ion conductive poly- 
mer electrolyte membrane of the MEA above formed. 
These apertures were of the same sizes and provided 
in the same positions as those in the separator plate 
shown in FIG. 1 . 

15 [0062] The MEA sheet was sandwiched between two 
of the separator plates of the same kind, as thus pro- 
duced, to give a unit cell. 100 of such unit cells were 
stacked, with a cooling section provided for every 2 
cells, to produce a cell stack. The cooling section was 

20 formed by not inserting a single separator plate having 
an oxidant gas flow channel on one surface thereof and 
a fuel gas flow channel on the other surface thereof, but 
inserting a composite separator plate composed of: a 
cathode-side separator plate comprising an oxidant gas 

25 flow channel on one surface thereof and a cooling water 
flow channel on the other surface thereof; and an anode- 
side separator plate comprising a fuel gas flow channel 
on one surface thereof and a cooling water flow channel 
on the other surface thereof. This composite separator 

30 plate was formed by bonding the cathode-side separa- 
tor plate to the anode-side separator plate in such a 
manner that the surface, with the cooling water flow 
channel formed thereon, of each of the two separator 
plates were mutually opposed. On each end of this cell 

35 stack, a current collector plate made of stainless steel, 
an insulating plate made of an electrically insulating ma- 
terial and an end plate were stacked, and both end 
plates were then cramped with cramping rods. The 
cramping pressure at that time was 15 kgf/cm 2 per the 

40 area of the separator plate. 

[0063] The polymer electrolyte fuel cells of EXAM- 
PLES and COMPARATIVE EXAMPLES as thus fabri- 
cated were kept at 80°C, and a hydrogen gas humidified 
and heated to have a dew point of 75°C and air humid- 

45 if jed and heated to have a dew point of 65°C were sup- 
plied to the anode side and the cathode side, respec- 
tively. This resulted in a cell open-circuit voltage of 96 V 
at the time of no load when no current was output to the 
outside. The cells were subjected to a continuous power 

so generation test under conditions of fuel utilization rate 
of 85%, an oxygen utilization rate of 50% and a current 
density of 0.7 A/cm 2 , to measure variations in output 
characteristic with time. It was. confirmed as a result that 
the outputs of the cells using separators of EXAMPLES 

55 1 A and 1 B, and COMPARATIVE EXAMPLES B, respec- 
tively, were all kept at about 14 kW (62 V - 224 A) over 
8000 hours or longer. As for the cell using the separator 
plate of COMPARATIVE EXAMPLE A, as continuously 
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operated, after the cell output was kept at about 12.8 
kW (57 V - 224 A) forthefirst 1 to 3 hours, the cell voltage 
begun to vary and a flooding phenomenon caused by 
excessive wetting of the cell was confirmed. After the 
elapse of 3 to 5 hours, the power generation voltages of 
at least one cell or more among the 100 cells varied 
down to 0 V or lower, making it impossible to continue 
the operation of the cell. 

EXAMPLE 2 

[0064] In the present example, a separator plate was 
produced in the same manner as in EXAMPLE 1 except 
for a manifold aperture. As shown in FIG. 6(b), burrs 27 
were formed on the cathode-side periphery of the man- 
ifold aperture 21 a formed by punching-out by means of 
a mold after press molding. The heights of the burrs 
were 0.01 to 0.20 mm. This separator plate is referred 
to as a separator plate 2A. Further, burrs formed on the 
periphery of the manifold aperture in the separator plate 
formed in the above-mentioned manner were removed 
with the use of a grinder. The heights of the burrs were 
thereby made 0.01 mm or lower. This separator plate is 
referred to as a separator plate 2B. 
[0065] Using these separator plates, polymer electro- 
lyte fuel cells were fabricated in the same manner as in 
EXAMPLE 1 and operated under the same conditions 
as EXAMPLE 1 . This resulted in a cell open-circuit volt- 
age of 96 V at the time of no load when no current was 
output to the outside. Further, after the continuous pow- 
er generation test, it was confirmed that the output of 
the cells using separators 2A and2B, respectively, were 
all kept at about 14 kW (62 V - 224 A) over 8000 hours 
or longer. It was also confirmed that the similar cell char- 
acteristics could be obtained even when the cross sec- 
tion of the periphery of the manifold aperture became a 
curved face by grinding the burrs. 

EXAMPLE 3 

[0066] In the present example, a separator plate was 
produced in the same manner as in EXAMPLE 1 except 
for a manifold aperture. As shown in FIG. 7(b), burrs 37 
were formed on the cathode-side periphery of the man- 
ifold aperture 31a formed by punching-out by means of 
a mold after press molding. The heights of the burrs 
were 0.01 to 0.20 mm. This separator plate is referred 
to as a separator plate 3A. Further, burrs formed on the 
periphery of the manifold aperture in the separator plate 
formed in the above-mentioned manner were removed 
with the use of a grinder. The heights of the burrs were 
thereby made 0.01 mm or lower. This separator plate is 
referred to as a separator plate 3B. 
[0067] Using these separator plates, polymer electro- 
lyte fuel cells were fabricated in the same manner as in 
EXAMPLE 1 and operated under the same conditions 
as EXAMPLE 1 . This resulted in a cell open-circuit volt- 
age of 96 V at the time of no load when no current was 



output to the outside. Further, after the continuous pow- 
er generation test, it was confirmed that the output of 
the cells using separators 3A and 3B, respectively, were 
all kept at about 14 kW (62 V - 224 A) over 8000 hours 
5 or longer. 

EXAMPLE 4 

[0068] In the present example, a separator plate was 

10 produced in the same manner as in EXAMPLE 1 except 
for a manifold aperture. As shown in FIG. 8(b), burrs 47 
were formed on the cathode-side periphery of the man- 
ifold aperture 41 a formed by punching-out by means of 
a mold after press molding. The heights of the burrs 

'5 were 0.01 to 0.20 mm. This separator plate is referred 
to as a separator plate 4A. Further, burrs formed on the 
periphery of the manifold aperture in the separator plate 
formed in the above-mentioned manner were removed 
with the use of a grinder. The heights of the burrs were 

20 thereby made 0.01 mm or lower. This separator plate is 
referred to as a separator plate 4B. 
[0069] Using these separator plates, polymer electro- 
lyte fuel cells were fabricated in the same manner as in 
EXAMPLE 1 and operated under the same conditions 

25 as EXAMPLE 1 . This resulted in a cell open-circuit volt- 
age of 96 V at the time of no load when no current was 
output to the outside. Further, after the continuous pow- 
er generation test, it was confirmed that the output of 
the cells using separators 4A and 4B, respectively, were 

30 all kept at about 1 4 kW (62 V - 224 A) over 8000 hours 
or longer. 

[0070] As specifically described above, according to 
the present invention, in production of a separator, using 
a composite material of expanded graphite or graphite 

35 and a resin that can be processed by molding lower in 
cost than cutting or grinding, a removal step of burrs 
formed in molding is unnecessary or removal of the 
burrs with the use of an automatic machine is possible, 
so that a substantial reduction in cost in mass production 

40 can be attempted. 

[0071] Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 
to be interpreted as limiting. Various alterations and 

4 5 modifications will no doubt become apparent to those 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within 

50 the true spirit and scope of the invention. 

[0072] A step as deep as or deeper than a gas flow 
channel is provided on the gas-flow-channel-side pe- 
riphery of each manifold aperture in a conductive sepa- 
rator plate. The step preferably comprises a taper so as 

55 to be deep on the manifold aperture side. 
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Claims 

1 . A polymer electrolyte fuel cell comprising: 

a plurality of membrane-electrode assemblies 5 
which comprise a polymer electrolyte mem- 
brane, and an anode and a cathode, sandwich- 
ing said polymer electrolyte membrane there- 
between: 

a plurality of conductive separator plates 10 
stacked alternately with said membrane-elec- 
trode assemblies, said conductive separator 
plate having an anode-facing surface on one 
side and a cathode-facing surface on the other 
side; and is 
a gas supply and discharge means for supply- 
ing and discharging a fuel gas to and from said 
anode and for supplying and discharging an ox- 
idant gas to and from said cathode, 

20 

wherein said gas supply and discharge 
means includes: a pair of fuel gas manifold aper- 
tures and a pair of oxidant gas manifold apertures, 
which are provided in said membrane-electrode as- 
semblies and said conductive separator plates in 25 
common; a fuel gas flow channel comprising 
grooves provided so as to connect one of the fuel 
gas manifold apertures with the other of the fuel gas 
manifold apertures in said anode-facing surface of 
said conductive separator plate; and an oxidant gas 30 
flow channel comprising grooves provided so as to 
connect one of said oxidant gas manifold apertures 
with the other of said oxidant gas manifold aper- 
tures in said cathode-facing surface of said conduc- 
tive separator plate, and a step as deep as or deep- 35 
er than said gas flow channel is provided on the gas- 
flow-channel-side periphery of each of said mani- 
fold apertures in said conductive separator plate. 

2. The polymer electrolyte fuel cell in accordance with 40 
Claim 1 , wherein said step of said conductive sep- 
arator plate has a taper so as to be deep on the side 

of said manifold aperture. 

3. The polymer electrolyte fuel cell in accordance with 4s 
Claim 1, wherein burrs on the gas-flow-channel- 
side periphery of said manifold aperture in said con- 
ductive separator plate has been removed. 

4. A method for producing a conductive separator so 
plate for a fuel cell comprising: 

a first step for molding a mixture which compris- 
es a graphite powder and a binder to form a 
plate; and 55 
a second step for forming manifold apertures in 
the plate by machining, 



wherein said first step is performed such that 
a gas flow channel comprising grooves, as well as 
a concave part extended from the position where 
said manifold aperture will be formed to the end of 
said gas flow channel, are formed in the plate. 

5. The method for producing a conductive separator 
plate for a fuel cell in accordance with Claim 4, fur- 
ther comprising a step for removing burrs formed 
on the periphery of said manifold aperture. 
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